Background/Aims: The objective of the present study was to evaluate the clinical association between periodontitis and a high urinary albumin/creatinine ratio (UACR) in individuals without diabetes mellitus. Methods: Data from the Korean National Health and Nutrition Examination Survey were used for this analysis. A high UACR was defined as UACR≥3.9 mg/g for men and UACR≥7.5 mg/g for women. The WHO community periodontal index (CPI) was used to define periodontitis and assess its severity. Results: The numbers of participants without and with periodontitis were 3,046 and 8,571, respectively. The UACR values were higher in participants with periodontitis than in those without periodontitis. Logistic regression showed that the OR for a high UACR with the presence of periodontitis was 1.14 (P=0.044) on multivariate analysis. CPI score was positively associated with UACR. Conclusions: Periodontitis was associated with UACR in the non-diabetic participants in this study. Therefore, participants with periodontitis should be closely monitored for UACR, which can function as an early marker for renal injury.
Introduction
Periodontitis is characterized by the destruction of periodontal tissues and is a marker for chronic inflammatory condition [1, 2] . Studies have shown that the prevalence of periodontitis is >50% in the general population [4] [5] [6] . Recent studies have shown that, beyond being a simple indicator for dental health, periodontitis is associated with several diseases including coronary heart disease, stroke, and rheumatologic diseases and that chronic inflammation seems to play a role in the association between periodontitis and these diseases [7, 8] . Recently, many studies have focused on the correlation of periodontitis with various diseases that are associated with chronic inflammation as a pathophysiology.
Albuminuria is a well-known microvascular complication and cardiovascular risk factor for patients with diabetes mellitus (DM) [9] . It is also reported to be independently associated with cardiovascular diseases or mortality in individuals without DM [10] . Recent studies have evaluated the importance of low-grade albuminuria, which is defined as high level within urinary albumin/creatinine ratio (UACR)<30 mg/g. These studies have shown that a high UACR is associated with mortality and the development of cardiovascular diseases in individuals without DM [10] [11] [12] [13] . Many researchers have investigated the factors associated with a high UACR, while other studies investigating new markers of a high UACR are ongoing. A high UACR reveals microvascular injury to the kidney and can be a clinical sign of renal injury due to chronic inflammation. Regarding the association between periodontitis and chronic inflammation, the former may be associated with a high UACR as an indicator of microvascular injury. The objective of the present study was to evaluate the clinical association between periodontitis and a high UACR in individuals without DM.
Patients and Methods

Study population
This was a cross-sectional study. Data from the Korean National Health and Nutrition Examination Survey (KNHANES 2012-2014) were used for this analysis. The KNHANES is a nationwide, multi-stage, stratified survey of a representative sample of the South Korean population and is conducted by the Korea Centers for Disease Control and Prevention. There were 23,626 participants in the KNHANES survey. Participants were excluded from the present study if they met the following criteria: data could not be provided for periodontitis (n=1,397) or albuminuria (n=2,944), age<19 years (n=5,026), had micro-or macro-albuminuria (UACR≥30 mg/g; n=750), or had DM (defined as a self-reported history of DM, fasting glucose≥126 mg/dL, or glycated hemoglobin A1c≥6.5%; n=1,892). A total of 11,617 participants were ultimately included in this study. Ethical approval was obtained from the institutional review board of Yeungnam University Hospital. The board waived the need for informed consent since the subjects' records and information were anonymized and de-identified prior to the analysis.
Study variables
Clinical and laboratory data collected during the examination included the following: age, sex, serum creatinine level (mg/dL), body mass index (BMI; kg/m 2 ), waist circumference (WC; cm), fasting blood glucose (mg/dL), high-density lipoprotein (HDL) cholesterol level (mg/dL), triglyceride level (mg/dL), systolic blood pressure (SBP; mmHg), diastolic blood pressure (DBP; mmHg), smoking status, and alcohol intake.
Height was measured to the nearest 0.1 cm using a portable stadiometer (Seriter, Bismarck, ND, USA). Weight was measured to the nearest 0.1 kg using a calibrated balance-beam scale (Giant-150N; Hana, Seoul, Korea). BMI was calculated by dividing weight by the height squared. SBP and DBP were measured using a standard sphygmomanometer with the patient in a sitting position. Three measurements were performed for all subjects at 5-minutes intervals, and the average of the second and third measurements was used in the analysis. WC was measured to the nearest 0.1 cm in the horizontal plane at the midpoint between the uppermost lateral border of the right iliac crest and the lower rib margin at the end of a normal expiration. Fasting blood glucose, HDL cholesterol, and triglycerides were measured using a colorimetric method (Hitachi Automatic Analyzer 7600; Hitachi, Tokyo, Japan). Serum creatinine levels were measured using a Hitachi Automatic Analyzer (alkaline picrate Jaffé kinetic). The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation [14] .
Urinary albumin and creatinine levels were measured from random samples using a turbidimetric immunoassay and colorimetric methods, respectively, on the Hitachi Automatic Analyzer 7600 (Hitachi). The urinary albumin and creatinine levels were measured at the same laboratory for all surveys. The interassay coefficient of variation for all laboratory work was consistently low (<3.1%) for urinary albumin and creatinine levels. The UACR was calculated as milligram per gram of creatinine. A high UACR was defined as UACR≥3.9 mg/g for men and UACR≥7.5 mg/g for women as previously defined [11] . Because the definitions of high UACR are inconsistent, we analyzed the data using UACR tertiles. The UACR ranges in the low, middle, and high tertiles were 0.03-2.22 mg/g, 2.23-4.36 mg/g, and 4.37-29.92 mg/g in men, respectively, and 0.04-3.02 mg/g, 3.03-6.04 mg/g, and 6.05-29.89 mg/g in women, respectively.
Patients were classified by smoking status as current smokers, ex-smokers, or non-smokers. Alcohol intake was defined using the Korean definition of "standard drinking" based on the World Health Organization (WHO) classification [15] . Alcohol intake was classified into three categories: abstinence (no alcohol consumption within the last year); moderate drinking (women, 0.1-19.99 g pure alcohol/day; men, 0.1-39.99 g pure alcohol/day); and heavy drinking (women, ≥20 g pure alcohol/day; men, ≥40 g pure alcohol/day).
Metabolic syndrome (MetS) was defined according to Adult Treatment Panel III criteria using the modified cutoff values for Asian populations as suggested by the Asia-Pacific guidelines [16] . Elevated blood glucose was defined as a fasting blood glucose level ≥100 mg/dL or a self-reported history of DM. Elevated blood pressure was defined as systolic and diastolic blood pressure≥130/85 mmHg or a self-reported history of hypertension. Low HDL cholesterol level was defined as <40 mg/dL in men and <50 mg/dL in women. Elevated triglyceride level was defined as serum triglyceride ≥150 mg/dL. Abdominal obesity was defined as a WC >90 cm in men and >80 cm in women. MetS was defined as the presence of≥3 components of MetS.
The oral examination was performed by trained dentists. The WHO community periodontal index (CPI) was used to define periodontitis and assess its severity as previously described [17] . Six sextants were examined (posterior right maxilla, anterior maxilla, posterior left maxilla, posterior right mandible, anterior mandible, and posterior left mandible). The CPI was scored from 0 to 4: 0, no bleeding or calculus or no pocket depth ≥3.5 mm; 1, bleeding on probing but no calculus but no pocket depth ≥3.5 mm; 2, supra-or sub-gingival calculus but no pocket depth≥3.5 mm); 3, 3.5≤ pocket depth <5.5 mm; and 4, pocket depth ≥5.5 mm. All teeth in each sextant were evaluated, and the highest score was defined as a CPI for each participant. Periodontitis was defined as a CPI ≥3.
Statistical analyses
The data were analyzed using SPSS (version 19; SPSS, Chicago, IL, USA). The survey was designed using a complex, stratified, multistage probability-sampling model; thus, except for the linear regression analyses, all of the analyses accounted for the complex sampling design effect and appropriate sampling weights of the national survey. Categorical variables are expressed as percentage±standard error, while continuous variables are expressed as mean±standard error. Since UACR was a non-parametric variable, we transformed it to logUACR. After the analyses, the logUACR values were exchanged to the UACR values. Pearson's χ 2 or Fisher's exact test was used to analyze the categorical variables. For continuous variables, means were compared using Student's t-test or one-way analysis of covariance. Logistic regression analyses were used to estimate the odds ratios (OR) and 95% confidence intervals (CI), which were then used to determine the correlation between periodontitis and a high UACR. Multivariate analyses were adjusted for age, sex, BMI, alcohol intake, smoking habits, fasting blood glucose, eGFR, SBP, DBP, WC, HDL cholesterol, and triglyceride level. These selected confounding factors are well known to be related to metabolic disturbances or renal dysfunction including albuminuria. We included all variables as confounding factors because all can be associated with metabolic disturbances or renal injury. Since sex and the presence of MetS may be important confounding factors for UACR, we performed a subgroup analysis for each. P-values<0.05 were considered statistically significant.
the UACR values were higher in participants with periodontitis than in those without periodontitis (participants with periodontitis, 3.60±1.03; participants without periodontitis, 3.35±1.02; P=0.007).
The proportions of participants with a high UACR without and with periodontitis were 27.8±0.7% and 38.8±1.2%, respectively (P<0.001). Logistic regression showed that the OR for a high UACR with the presence of periodontitis was 1.65 (95% CI, 1.48-1.84; P<0.001) on univariate analysis and 1.14 (95% CI, 1.00-1.29; P=0.044) on multivariate analysis.
The proportion of participants with periodontitis in the low, middle, or high UACR tertiles was 19.7±0.9%, 23.1±0.9%, and 28.9±1.0%, respectively. As UACR tertile increased, the proportions of participants with periodontitis increased (P<0.001). On univariate analysis, the OR for the presence of periodontitis was 1. On univariate analysis, the UACR values for CPI score were 3.25±1.02 mg/g in 0, 3.22±1.05 mg/g in 1, 3.32±1.02 mg/g in 2, 3.67±1.03 mg/g in 3, and 4.10±1.04 mg/g in 4, respectively ( Fig. 1; P=0 .903 for a CPI score of 0 vs 1; P=0.485 for a CPI score of 0 vs 2; P<0.001 for a CPI score of 0 vs 3; P<0.001 for a CPI score of 0 vs 4; P=0.589 for a CPI score of 1 vs 2; P=0.008 for a CPI score of 1 vs 3; P<0.001 for a CPI score of 1 vs 4; P=0.001 for a CPI score of 2 vs 3; P<0.001 for a CPI score of 2 vs 4; P=0.030 for a CPI score of 3 vs 4). On multivariate analysis, the UACR values for CPI score were 3.32±1.03 mg/g in 0, 3.32±1.05 mg/g in 1, 3.39±1.03 mg/g in 2, 3.53±1.03 mg/g in 3, and 3.90±1.05 mg/g in 4, respectively (P=0.974 for a CPI score of 0 vs 1; P=0.516 for a CPI score of 0 vs 2; P=0.091 for a CPI score of 0 vs 3; P=0.001 for a CPI score of 0 vs 4; P=0.667 for a CPI score of 1 vs 2; P=0.232 for a CPI 
Subgroup analyses according to sex and the presence of MetS
The mean UACR values in men without and with MetS were 2.74±1.02 and 3.90±1.04, respectively (P<0.001). The mean UACR values in women without and with MetS were 3.67±1.02 and 5.26±1.04, respectively (P<0.001). For both sexes, UACR was greater in participants with periodontitis than in those without periodontitis, regardless of the presence of MetS (Fig. 2) .
For participants without MetS, the proportions of participants with a high UACR without and with periodontitis were 33.0±1.0% and 42.5±1.7% in men and 20.6±0.7% and 25.8±1.8% in women, respectively (P<0.001 for men and P=0.004 for women). For participants with MetS, the proportions of participants with a high UACR without and with periodontitis were 49.7±2.2% and 58.1±2.3% in men and 38.0±1.6% and 49.2±2.5% in women, respectively (P=0.006 for men and P<0.001 for women). For both sexes, the proportions of participants with a high UACR were greater in those with than in those without periodontitis, regardless of the presence of MetS.
Discussion
The present study included only non-DM participants. Periodontitis was associated with the proportion of participants with a high UACR as a categorical variable, while CPI score was positively associated with UACR as a continuous variable. A CPI score of 3 or 4 on univariate analysis or 4 on multivariate analysis was positively associated with an increase in UACR. For both sexes, UACR was greater in participants with than in those without periodontitis regardless of the presence of MetS. In addition, for both sexes, the proportions of participants with a high UACR were also greater in those with than in those without periodontitis, regardless of the presence of MetS.
Periodontitis is reportedly associated with systemic disease. Studies have shown that periodontitis is associated with an imbalance in inflammatory responses, which include immune function, neutrophil activity, and the production of various cytokines [18] . Therefore, periodontitis is recognized as an increased inflammatory status that results in vascular endothelial dysfunction and abnormal lipid metabolism [19, 20] . Seinost et al. evaluated the association between periodontitis and subclinical flow-mediated dilation of the brachial artery [21] . They showed that periodontitis was associated with lower flowmediated dilation, which reveals endothelial dysfunction, and that the treatment of severe periodontitis reversed this pathological change. Many studies have also shown positive associations between periodontitis and cardiovascular disease or mortality in various populations [22] [23] [24] [25] .
In a population-based study that included participants with stage 3 and 4 chronic kidney disease who did not undergo renal replacement therapy, a significant association was found between periodontitis and clinical outcomes in non-dialysis patients [26] . An association between periodontitis and clinical outcomes including mortality was also observed in studies of participants on renal replacement therapy [25, 27, 28] . Han et al. analyzed KNHANES data and showed that UACR was associated with periodontitis in DM participants [29] . In their study, micro-or macro-albuminuria, which was defined as a UACR≥30 mg/g, was associated with periodontitis. However, no statistically significance was observed between albuminuria within the normal range and periodontitis. The reasons for this discrepancy may be threefold. First, they enrolled only participants with DM. DM per se is an important inducer of lowgrade albuminuria and may be associated with inflammation above periodontitis. Second, in their study, cutoff values of high UACR were identical for both sexes. The cutoff value for a high UACR is generally higher in women than in men. Third, sample size was smaller in their study (n=547) than in our study (n=11,617) and their analytic method may be deemed as inappropriate in the context of the study. A large number of participants can induce more statistical significance than a small number of participants. In addition, the KNHANES is a nationwide, multi-stage, and stratified survey of a representative sample of the South Korean population. Therefore, the KNHANES provides specific guidelines for analysis and reporting of sample weights. Design stratification and clustering should be considered for analyses using the dataset [30] . However, Han's study did not consider complex survey design.
The aim of our study was to evaluate the association between periodontitis as a trigger of low-grade inflammation and high UACR within the normal albuminuria range (<30 mg/g) in the non-diabetic population, and we excluded the participants with micro-or macroalbuminuria. Although evidence supports the contribution of periodontitis to triggering systemic inflammation, patients with micro-or macro-albuminuria have more advanced disease than those with a high UACR and albuminuria within the normal range. Patients with micro-or macro-albuminuria may be more vulnerable to chronic kidney injuries associated with other cardio-metabolic factors such as blood pressure and dyslipidemia, which are well known as classical triggers of inflammatory status rather than periodontitis. In addition, participants with various cardiometabolic risk factors would be strongly associated with the development of periodontitis, but it is difficult to distinguish whether albuminuria is caused by a primary effect of periodontitis or an indirect effect of periodontitis combined with various cardiometabolic factors.
Studies have investigated the association between periodontitis and UACR in participants with DM or between periodontitis and various clinical outcomes in participants with baseline chronic kidney disease. However, to the best of our knowledge, few studies have examined the association between periodontitis and low-grade albuminuria in participants without DM. Low-grade albuminuria as an early indicator of endothelial and/ or renal injury was the main outcome of our study. We have completely exclude participants with DM since albuminuria and/or UACR can be largely influenced by DM regardless of the control of DM. Our study conclusively showed the associations between periodontitis and UACR as a continuous variable or the proportion of participants with a high UACR as a categorical variable in a general population without DM. In addition, the correlation between insulin resistance and periodontitis is well established, and sex can create significant bias. Therefore, we performed subgroup analyses according to sex and the presence of MetS. Our results showed that regardless of sex and the presence of MetS, periodontitis was associated with greater UACR and proportion of participants with a high UACR.
Definitions of high UACR are inconsistent. Previous studies defined high normal albuminuria as UACR values in the highest tertile, the highest quartile, or above the median level [11, 31, 32] . In their Western population, Arnlöv et al. defined high normal albuminuria as a UACR value ≥3.9 mg/g for men and UACR ≥7.5 mg/g for women using median values [11] . Our study defined high UACR using their cutoff values, but median UACR values in our study were 3.12 (0.03-29.92) mg/g in men and 4.26 (0.04-29.89) mg/g in women. This difference may be associated with the ethnicity and characteristics of the enrolled population. Therefore, we conducted further analysis using UACR tertile. As UACR tertile increased, the proportions of participants with periodontitis increased.
In our study, the UACRs in CPI scores of 0 and 4 were 3.32±1.03 mg/g and 3.90±1.05 mg/g, respectively. Although statistical significance was observed, differences in UACR according to CPI score were small between the CPI scores of 0 and 4 (approximately 0.6 mg/g). A larger number of participants may lead to statistical significance. Whether these differences have clinical significance is unclear. Only few studies have investigated cutoff values of high UACR with clinical significance for low-grade albuminuria. Further investigations are needed to identify cutoff values with clinical significance for low-grade albuminuria.
Renal function would be associated with the presence of UACR, and the presence of chronic kidney disease would be a confounding factor in the relationship between periodontitis and UACR. A total of 177 (1.5%) of the participants had an eGFR<60 mL/ min/1.73 m 2 , while only one had an eGFR<30 mL/min/1.73 m 2 . Here we did not exclude participants with decreased renal function since their small number would not greatly affect the results. We also added the eGFR as a covariate in the multivariate analyses to reduce the effect of decreased renal function.
This study had several limitations. First, it was retrospective. We could not evaluate the causality between periodontitis and UACR and did not consider ethnic differences. All participants were drawn from the Korean population. Second, we used a single urine spot sample to calculate the UACR. A prospective multi-ethnic study, including accurate parameters such as UACR calculated using a 24-hour urine sample, is warranted to overcome these limitations.
Conclusion
Periodontitis was associated with UACR in the non-diabetic participants in this study. Therefore, participants with periodontitis should be closely monitored for UACR, which can function as an early marker for renal injury.
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